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AIRPLANE ENGINE CARBURETORS. 


CHAPTER 1 
GASOLINE AS MOTOR FUEL. 
THE DEMAND FOR GASOLINE. 


“When greater perfection of design and construction of the inter- 
nal combustion engine made possible the modern automobile and air- 
plane, the use of gasoline as a cheap and efficient fuel became general 
the world over, and no doubt, will continue to be the cheapest and 
most efficient medium for generating power, at least as long as petro- 
leum does not materially increase in price. Owing, however, to the 
enormous number of motor cars in use and the rapid development of 
aerial navigation, a demand for this efficient fuel has reached huge 
proportions, and the supply has become one of the many economic 
problems of the commercial world. . 


BAUME TEST DOES NOT DETERMINE FUEL VALUE. 


The lack of definite knowledge, as to the value of this universal 
motor fuel, is prevalent among the practical mechanics of to-day. It 
is a subject on which every mechanic should be more familiar. The 
average mechanic should be capable of discriminating between good, 
indifferent, and poor grades of gasoline, but owing to the mis- 
leading method of testing gasoline, which has been handed down 
from the earlier refiners of petroleum, it has become quite a prob- 
lem to discriminate between the different grades of this fuel. The 
prevailing idea among motor men to-day is that the high and low 
gravity test, as indicated by the Baumé hydrometer, determines the 
fuel value of gasoline. The gas of high test always costs more per 
callon than that of low test. Quite naturally then is it concluded, 
the higher the test, the more valuable the gas for power purposes. 
The truth of the matter is, that the gravity test can give but one 
definite fact; the relative density of the fluid tested, as compared with 
distilled water at sea level. The variation in the gravity of gasoline 
is due to the percentage of hydrogen, the greater the hydrogen con- 


tent, the higher the specific gravity. 
3 6 
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8 AIRPLANE ENGINE CARBURETORS. 


HYDROMETER USED BY EARLY REFINERS. 


The belief in the efficacy of the gravity test in judging gasoline 
has its origin with the old refiners where the hydrometer was found 
to be a reasonably exact measure to indicate when one product was 
exhausted, and another should be taken off as the crude petroleum 
was refined. In the early days when kerosene was the one product in 
great demand, gasoline was a troublesome by-product for which 
there could be found but little use, the hydrometer told when the 


erude oil had been reduced to a point where it was reasonably safe 
to begin collecting kerosene; but even then the test for kerosene was 


its flash and fire point and not its gravity. Gasoline was known as 
a naphtha of 75° to 80° Baumé, or some higher reading of the 
Baumé scale. 


A FUEL OF UNIFORM PROPERTIES WANTED. 


To keep pace with the development of the internal-combustion en- 
gine, the old-time hit-or-miss way of manufacturing fuel had to be 
revised. It was not heat or light, but steady, dependable rhythmic 
power, which was the object sought. The designers of engines and 
oil refiners soon found that they must find the way of producing 
a fuel that would be uniform in gravity. Gasoline, if made to com- 
ply with the regulations set, was by far the best fuel obtainable. 


THE BEST GASOLINE A MECHANICAL MIXTURE OF A CHAIN OF DISTILLATES., 


To discover a possible way of making fuel, which would more 
nearly meet the new conditions, the refiners employed the services of 
the ablest chemical engineers, while mechanical engineers on the 
staffs of the producers of motors, busied themselves with improve- 
ments in the carburetors which combine the air and gas in such pro- 
portions as to give the best results with the least expenditure of fuel. 
Several years ago a mechanical engineer discovered that there could 
be obtained more power from engines if fuel were provided which 
would gasify at a low boiling point some of the material incorporated 
in it, the fuel to be sent into the cylinders as a finely divided mist or 
fog. About the same iime, chemical engineers discovered that they 
could make a fuel which was ideal as a source of power by cutting the 
long series of hydrocarbons, which go to make up gasoline, into a 
number of primary products which afterward could be mixed and 
blended mechanically, thus insuring absolute uniformity. In making 
these primary cuts, they used the thermometer and not the hydrom- 
eter as a measure, for it was heat which put the hydrocarbons in po- 
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sition to create power. Patient research taught them how to mix 
several primary cuts, in such manner as to link them together in a 
continuous chain that when used in the engine, would cause that 
mechanism to start easily, to get away quickly and when under way 
to deliver to the wheels of the car it was designed to propel, the full 
power. | 

ONLY EASILY EVAPORATED FUELS CAN BE CARBURETED. 

The purpose of the carburetor is well known to everyone. The ac- 
tion of the piston creates a vacuum or negative pressure in the intake 
manifold, which is in turn, transmitted to the carburetor where the 
air is taken in, and then the air is mixed with the vapor of whatever 
fuel is used. It is, therefore, obvious that the fuel used, must evapo- 

‘ate within a reasonable range of temperatures. In fact, in the aero 
motor, a fuel is needed which will evaporate at a certain temperature 5 
otherwise it is useless. For instance, a fuel evaporating as high as. 
500 to 600 degrees Fahrenheit, would be unstitable. This brings 
the subject to the question of what is a desirable vaporizing or boul- 
ing point for a suitable fuel. 


CARBURETING A MIST OR FOG VERSUS A TRUE VAPOR. 


The above ideas bear on the first designed carburetors, where it 
was supposed to be necessary to have air mixed with vapor only, and 
the fuel needed was supposed to be converted into gas in the car- 
buretor. Within recent years, however, carburetors have been devised 
where the air is not only mixed with the fuel absolutely in the form 
of vapor, but in the form of fine mist or fog which forms an explosive 
mixture just as the vapor does. It is clear, therefore, that under 
these circumstances, a fuel can be used where part of it will vaporize 
readily, and part introduced in the form of fog or mist, the total 
mixture giving satisfactory results in the cylinder. It is also clear, 
that a mist or fog mixture of the fuel with air would contain a 
greater mass of useful fuel per volume than would be the case with 
an air and true-vapor mixture. 


THE IDEAL FUEL A SELECTED SERIES OF DISTILLATES. 


Petroleum is made up of an innumerable number of substances, 
having boiling points ranging from zero to 700° F. With this in- 
formation, let us consider what would:be reasonable in the way of 
boiling points for a desirable motor fuel: 

First, there must be a sufficient percentage of low boiling point 
fractions, so that the engine may be started readily when cold. 

131820—19 
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: Second; there must be a sufficient number of fractions having in-” 


termediate or higher HOMIE points to insure rapid combustion ’_ 


throughout the greatest st possible mass of vapor when the engine is 
hot. 

Third, there must be introduced a sufficient number of high boil- 
ing point fractions to insure a fogsy or misty vapor in order to have 
the highest possible amount of energy ready when combustion oc- 
curs. 

: THE IDEAL MOTOR FUEL. 


“Phe ideal fuel for internal combustion motors is one that con- 
tains a well-balanced mixture of fractions, having low, intermediate 
and high boiling points in order that the fractions mingled in such: 
a way that there is practically a continuous chain of boiling points 


beginning about 95° F. tee ending 400° I. with no gaps. It is evi-: 


dent that such a fuel as described above may have a considerably 
lower Baumé gravity dan some other fuel which contains a larger 
percentage of low boiling point fractions, but which will not give 
the maximum power in-a motor. It is also clear, that the losses due 
to evaporation in storage would be the least, when the fuel contains 
the least amount of low boiling point fractions consistent with satis- 
factory fuel. A high degree Baumé gravity fuel necessarily con- 


‘tains an unnecessary percentage of low boiling point fractions and 


the consequent loss in storage would be great. For some time past 
the United States Bureau of Standards in Washington, D. C., has 
been trying to discover a method by which the average user of gaso- 
line could tell, with reasonable accuracy, the usefulness for power 
of a fuel, but so far no method has been found. 


A BUREAU OF STANDARDS STATEMENT. 


The Bureau of Standards has issued the following: 


[Lo- day the specific-gravity test for gasoline is practically worthless. It is 
the common opinion of gasoline users that gasoline of high Baumé test is more 


efficient in that they can get more miles out of a gallon. This is not true if 


th motor equipment is adapted to the fuel used. 

A simple method of comparing two samples of gasoline obtained from dif- 
ferent sources is to dip strips of paper of equal size in the same depth in the 
two samples and expose them side by side to the air and note the difference in 
the rapidity of evaporation. Equal volumes of two samples could be placed in 
saucers in open windows where they would be subjected to the same draft and 
a portion left ‘after the most has evaporated could be compared. This might 
show one to contain more of a liquid comparing favorably with kerosene in 
density, odor and other properties. 





CHAPTER I. 
THE PURPOSE OF THE CARBURETOR. 


CARBURETOR. 


The term “carburetor” is applied to any device which mixes 
gasoline, vapor, and air in proper proportion to form the fuel 
charge for an internal-combustion engine. 

eaaban etors differ from vaporizers when, in addition to a mixing 
chamber, the device contains a receiving chamber for the fuel and a 
means by which a constant level is maintained. Vaporizer is ap- 
plied when device has no receiving chamber. x 


COMPARATIVE VOLUMES OF GASOLINE GAS AND INTAKE AIR. 


The first step in running a gas engine is to supply it with a gaseous. 
fuel that will burn. The more rapidly and freely the fuel burns 
the better the motor will run. Most internal-combustion motors of 
to-day run on kerosene or gasoline, which must be converted into a 
gas before they can be used. Furthermore, the gas must be mixed 
with air, for without the oxygen of the air there can be no fire or 
combustion. It is quite as important to supply an engine with air 
as with gasoline. As a matter of fact, the quantity of gas necessary 
1s very small in comparison with the quantity of air that the engine 
requires. For example, an engine delivering one horsepower will 
consume less than one pint of gas per hour running at 500 revolu- 
tions per minute, but will make 15,000 intake roe per hour, dur- 
ing each of which it will take in a charge of gas and air. Ae the 
pint is therefore divided into 15,000 parts, it can be seen that the 
single part required for each intake stroke 1 is not more than a drop - 
or two. 

GASOLINE AND AIR WILL NOT MIX, 


A gas and a liquid will not mix. In onde to mix gasoline with 
air it must first be vaporized or turned into gas; that is, it must be 
broken up mechanically into a fog or misty vapor in onder that it 
may be mixed more intimately with the air. The chief reason for 
the general use of gasoline in engines is the ease with which it 
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vaporizes at ordinary temperatures. In operation, this fact is of ex- 
treme importance, and one that is demanding more and more atten- 
tion as the use of the engine increases. 


THE PURPOSE OF THE CARBURETOR. 


The purpose of the carburetor is to supply a finely atomized spray 
or vapor of gasoline (or other suitable fuel) and air in the proper 
proportion to produce a combustion in the cylinder. Since this 
mixture must have definite proportions of fuel and air to burn 
completely, the carburetor must maintain the proper mixture rela- 
tions at all times. Toco large a proportion of gasoline will result in 
a part escaping unburned and a part remaining in the cylinder in 
the form of a carbon deposit. Too large a proportion of air results 
in loss of power from the weak explosions. A somewhat leaner mix- 
ture will give better economy but noticeably less power. Since there 
is no practical method. of weighing or measuring the proportion of 
fuel and air, the operator is compelled to judge the quality of the 
mixture by the behavior of the motor, and so adjust the regulating 
device as to secure the best results. 


CHAPTER II. 
HOW THE CARBURETOR OPERATES. 


THE AIR INTAKE AND LOCATION OF NOZZLE. 


In most modern carburetors, the mixing of air and gasoline is 
accomplished by drawing a stream of air past the nozzle from which 
it picks up a spray of gasoline. The motion of the piston toward 
the bottom of the cylinder durimg the suction stroke causes air to 
rush in through the carburetor and inlet manifold. The air enters 
the carburetor through the inlet scoop and passes through the mixing 
chamber, which is made smaller than the air passage mm order that the 
velocity may be high. In the smallest portion of this miximg cham- 
ber is located a tebe called a spray nozzle or jet, which is normally 
filled almost to the tip with gasoline. The high velocity of the air 
causes sufficient suction to raise the gasoline and pick it up m the 
form of a fine spray. This spray goes with the air ito the cylinder. 


THE FLOW OF GASOLINE. 


If the flow of gasoline were at all times exactly proportional to 


the flow of air, it would be necessary only to make the gasoline 
nozzle the right size for a given air opening, and the carburetor 
would supply the same quality of mixture at all times. Gasoline 
behaves somewhat as one would expect molasses to, in that it offers 
some resistance to flowing. A regulating device must therefore be 
incorporated in the carburetor to adjust the flow of gasohne into 
the mixing chamber so as to give the proper proportion of gasoline 
to air. 
THE INDICATION OF A CORRECT MIXTURE. 


If the spray nozzle of the carburetor is provided with a needle valve, 
this can be opened or closed a little to regulate the proportion of 
gasoline to air passing through the mixing chamber. The behavior 
of the motor will serve to inform the operator as to the quality of 
the mixture. If the throttle is open wide and the needle turned back 
and forth, there will be found one position where the motor seems 
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to run the best. When the valve is opened wider, the motor will 
slow down and will seem to choke up, and black smoke will issue 
from the exhaust. Could the color of the exhaust flame be seen it 
would be of a yellow color like that from the flame of a kerosene 
lamp. This color indicates too rich'a mixture. The flame from the 
correct mixture will be the color of that from a gasoline blowtorch 
or from a gas stove.” Ifthe needle is closed ‘too far down, the motor 
will begin to miss, and there will be popping noises in fhe manifold 
and carburetor. Poseihiy blue flame can be seen coming from the 
intake manifold during. this back firing. The odor-of the exhaust 
-wilk.also indicate the quality. to one who has had some experience, 
‘an overrich mixture producing a foul odor and irritating the eyes. 
‘Galloping when the motor is running: idle ‘at. slow: Speed: will also 
‘result from an overrich mixture. ‘If the throttle: is. partly. closed 
to reduce. the quantity of mixture entering the cylinder,: a: new ‘set- 
‘ting-of the needle valve will be required, due to. the tendency ‘of the 
mixture:to thin.out.' The thinning out is.caused bythe air Moving 
-atia slower velocity and picking up-less than the quantity-of gaso- 
line; therefore, ‘than ‘is necessary fora correct mixture. Suppose the 
needle valve: be set to give quality. of mixture with the -throttle 
nearly closed‘and then the-throttle be: opened wide. . In this ¢ase 
five times as much air passing through the mixing chamber will 
pick up a great deal more than five times as much gasoline, and the 
mixture will become entirely too rich. The mixing hemes of. the 
carburetor should be small enough so that:air will pass thr ough with 
sufficient velocity to carry, gasoline with it when the throttle is nearly 
closed, as when the e engine is running idle or the car is throttled down. 
Because the mixing chamber. is small, a sudden opening of the 
throttle. results in an insufficient quantity, of mixture being supplied 
to the cylinders, and what there is, is of entirely too rich a quality. 
Since an insuflicient quantity is obtained, it is much better to dilute 
the overrich mixture with air, thereby coats a larger volume of 
the proper quality, than to at down the gasoline and secure a small 
volume of the proper quality. The admission of more air is accom- 
plished by various means on the different SLITS) which will 
be eae later. 
PROPER ADJUSTMENT. 


| The color of the exhaust. is a good indication of the carburetor 
adjustment—a dark blue or violet flame for slow engine. speeds, 
and as the engine speeds up the color should fade to a lighter blue, but 
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not at any time losing its blue tinge. The fading of color indicates 
a gradual weakening of mixture, which is as it should be for increas- 
an mixture burns rapidly. Thus combustion takes 
place before exhaust. A yellow color m the exhaust denotes too 
little gasoline in proportion to the amount ot es while a red color 
iméiieaves! a tich mixture. eae 
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CHAPTER IV. 


HEAT A VALUABLE AID TO THE VAPORIZATION OF 
GASOLINE. | 


VAPORIZATION OF GASOLINE. 


_ Ifa hand is dipped in gasoline and exposed to a draft of air a 
sensation of cold results, because the heat necessary for raporization 
is partly drawn from the hand. Tests have shown that the amount 
of heat necessary to cause vaporization of the fuel in a mixture of 
15 parts air to 1 of gasoline will cause a reduction in the temperature 
of the mixture to a point from 40° to 45° F. colder than the incoming 
air. This accounts for the coldness of the inlet manifold. 


LOSS OF SPRAY IN MANIFOLD. 


If a gas plate or window is placed in the manifold just above the 
carburetor, close observation will disclose the fact that much of the 
gasoline is passing through the manifold in the form of a fine spray 
instead of vapor. This is particularly true when the motor is under 


load. Ifa plate is placed in the wall of the manifold just beyond the 
bend, it will be found that much of this gasoline spray has been 


thrown on the wall, and is flowing along the wall instead of remain- 
ing in the air. The air and gasoline leaving almost any carburetor 
will be found to be in a well-mixed condition. But no matter how 
well it is mixed with air, even if some type of auxiliary mixing device 
or mechanical agitator or air jet be used to stir up the mixture above 
the throttle, the gasoline, if in the condition of a spray instead of a 
vapor, will separate from the air to a great extent when the mixture 
travels at a higher rate of speed around the bends in the manifold. 


ACTION OF MOTOR WITH SPRAY MIXTURE. 


Incomplete vaporization of the gasoline in the mixture accounts 
for much of the peculiar behavior of the motor when the throttle is 
suddenly opened. When the motor has been throttled down and the 
throttle is suddenly opened, the engine may fire one or two shots 
from the mixture in the manifold, and then miss and back fire for a 
few revolutions. This happens because the mixture is traveling at, 
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high speed around the bends in the manifold and loses much of the 
gasoline spray. Therefore, when it reaches the cylinders it is too 
lean. For a short time there is an overrich mixture with attendant 
missing and smoke from the exhaust. If the gasoline which is mixed 
with the air were in a condition of a vapor instead of a spray, this 
behavior would be avoided. A few years ago there was much less 
trouble experienced from condensation or loading in the manifold, 
because the gasoline which was on the market at that time was more 
easily vaporized. Most modern carburetors in order that they may 
handle the: heavier grades of gasoline satisfactorily, are equipped 
with some arrangement for supplying heat to aid in vaporization. 


PREVENTION OF LOADING. 


Hot water, or sometimes exhaust gas, 1s passed through a jacket 
surrounding the mixture chamber of a carburetor to aid in vapor- 
ization. In a few instances the inlet manifold has been jacketed and 
hot. water or exhaust gas has been used to prevent condensation or 
loading. The exhaust gas should be more effective than water, be- 
cause the boiling point of a large per cent of any sample of present- 
day gasoline is higher than that of water. In many modern block 
motors the inlet manifold is cored within the main cylinder casket 
and is surrounded by the water jacket. In one or two foreign-built 
motors the inlet manifold has been built inside of the exhaust and 
all possibility of condensation has been eliminated. 


CARE IN HEATING. 


Care must be taken in applying heat to the mixture in the intake 
manifold so that complete vaporization will take place without un- 
due expansion of the carbureted mixture, for this expansion will re- 
duce the power of the motor. If the body of the carburetor becomes 
so hot that the gasoline boils in the flow chamber, the operation ‘of 


the motor will be unsatisfactory. It will appear to fire with perfect: 


regularity and will accelerate well when running idle, but will not. 
develop much power. Heating the charge before it. enters the cylin- 
ders expands it and the cylinders therefore draw a smaller weight 
of mixture. This reduces the power of the engine to some extent. 
When no heat is used, the engine will spit or back fire when it! should 
accelerate, particularly if the mixture is lean enough to give good 
economy. With sufficient heat it will accelerate smoothly, even with a 
rather lean mixture, because more of the gasoline is in the condition 
of a vapor or true gas instead of a fine spray of liquid. 
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CHAPTER. ve 


DIFFERENT CAUSES OF UNSATISFACTORY OPERATION 
OF {SEBURETORS. 


‘FAILURE OF A MOTOR TO START. 


Failure of a motor to start may be due to either too little or “op 
much gasoline. If the motor is cold, it is generally too little. In 
this case, the injection of a teaspoonful of gasoline into each cylin- 
der would aid in starting. If it stops after running a few revolu- 
tions, it should be determined whether there is sufficient gasoline in 
the float chamber. ‘This can be done by depressing the float and 
watching for flooding. Failure to leak gasoline may be due to closed 
valve, obstruction in the feed pipe, empty tank, or in case of a pres- 
sure feed system, lack of air pressure. If gasoline is present in the 
float chamber, failure to keep running may be due to closed or ob- 
structed spray nozzle, or water in the gasoline. 


OVERPRIMING A WARM MOTOR. 


If a warm motor is given too much gasoline by overpriming, or 
by cranking with the air shutter closed, it will become flooded and 
fail to fire. Shutting either the valve in the gasoline line or the 
needle valve, regulating the fuel orifice, blocking the air valve, or 
opening the priming cups and cranking for a short time, will remedy 
this condition. 

FLOODING CARBURETOR. 


Flooding or overflowing may be caused by dirt under the float 
needle, leaky float, or deranged adjustment of mechanism. A suit- 
able strainer and trap in the feed pipe, and a wire gauze screen in 
the carburetor through which the gasoline must pass before entering 
the float chamber will save much trouble. If such is not provided, 


the gasoline should be filtered into the tank through a chamois skin, 


thus removing all dirt and water. In case the float leaks, it should 
be removed and tested by immersing in hot water, the leak being in- 
dicated by bubbles. It should be cleaned, soldered and held be- 
neath the surface of gasoline until cold. 
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PRECAUTIONS IN ADJ USTING. CARBURETOR. 


The mistake of adjusting the carburetor to admit of a quick get- 
away when the motor is chilled is quite commonly made. It should 
be remembered that in adjusting a carburetor, it is necessary to ad- 
just it when the engine is warmed up to its normal working tempera- 
ture.’ Therefore, before making a change in the carburetor adjust- 
ment, where trouble is experienced in starting the motor, it should 
be allowed to run.idle for a few moments to warm it up to normal 
working temperature before any change is made in the carburetor 
adjustment. The time necessary will of course depend upon the 
temperature of the engine and the air. At extremely low tempera- 
tures it is wise to partially cover the radiator so as to maintain a 
temperature of from 175° to 190° in the engine cooling system. 
However, if the normal running temperature has been reached and 
the trouble still persists, it may be due to other causes such as the 
following: 3 
DEFECTIVE PICK-UP. 

Defective pick-up may be caused by improper carburetor adjust- 
ment, by too lean or too rich a mixture. If the carburetor 1s adjusted 
to give too lean a mixture, the engine will hestitate and spit back or 
stop altogether when the throttle is quickly opened after running at 
a low speed. If the carburetor is adjusted to give too rich a mixture, 
the engine will hesitate and then run in an irregular manner when 
the throttle is quickly opened after running at low speed. If the 
manifold is of a larger inside diameter than the carburetor, consid- 
erable difficulty may be experienced in obtaining satisfactory quick 
throttle action. In case the carburetor is of the correct size for the 
motor all the heat possible should be supplied to the carburetor, as 
this will tend to counteract bad effects of the large manifold. 


IMPROPER HIGH SPEED. 


An improper high speed may be due to various causes. Before 
attempting any check over the entire motor, be sure that the ignition 
system is O. K., for before the motor can deliver its maximum of speed 
and efficiency, it must be in perfect shape and adjustment. If the 
motor is checked and everything found O. K., but still does not de- 
liver its full power, the following indications of carburetor trouble 
should be looked for: | 

SMOKY EXHAUST. 


Black smoke issuing from the exhaust, indicating too rich a mix- 


ture. 
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‘SLUGGISH MOTOR. 


Se chiens of motor in action. will iy indicate a . richness in 
mixture. 7 3 : 
| CHOKE TUBE TOO SMALL. 


If the mixture seems right and still the motor will not obtain its 
proper speed, it would be advisable to try a larger choke tube. This. 
will pass a | greater volume of air into the cylinders. | “ 


OTHER CAUSES. 


Other causes would be the restriction of air to the carburetor due 
to too small tubing being used, or too sharp bend in the tubing. 


KNOCKING. 


With one exception knocking is r arely, if ever, caused by carburetor 
adjustment or action. This exception is Anan the engine is put in 
power at low speed with a lean mixture, when a knock very similar 
to a spark knock, called a labor knock, may occur. 


EXCESSIVE FUEL CONSUMPTION. 


Because the fuel passes through the carburetor on its way to the 
cylinders, the carburetor is nearly always blamed for any overcon- 
sumption of fuel. This is sometimes justified but more often is not. 
Assuming that the carburetor is properly adjusted so as to give 
flexibility of running to the motor, allowing it to run in a smooth 
manner, and not showing any tendencies of Sees such as loading 
up under a hard pull, al smelling exhaust or other indications of 
too rich a mixture, we may safely assume that it is not the source of 
trouble. The function of the carburetor is to measure the fuel and 
the air according to the demands of the engine. Any engine requires 
a-certain volume of explosive mixture to develop its normal power. 
This volume being measured by the size of the cylinders; their num- 
ber and the number of times they must be filled in order to develop 
the maximum power of the motor is constant. Assuming that the 
engine cylinders have perfect compression, that the ignition is strong 
and provides the proper spark at the proper instant, that all bearings 
are free, and the lubrication system working properly, we may say 
that the motor will run on a minimum amount of fuel. But if the 
compression is weak, if the spark is late or weak, and the motor is 
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not properly lubricated, we must use more fuel to make up for the 
wastage at the weak points. We may therefore recommend that sug- 
gestions for adjustments relating to the power and flexibility of the 
motor be followed, and that the entire motor be checked over before 
attempting any carburetor change. In making adjustments other 
than for idling, keeping on the Jean side of the mixture, using the 
leanest mixture that will give satisfactory power, speed and accelera- 
tion, when the engine is well warmed up. Do not sacrifice power in 
attempting to. gain economy. Adjustment giving maximum power 
and flexibility is the most. economical in the long run. 3 
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CHAPTER YL: 
SOME MECHANICAL FEATURES OF CARBURETORS. 


With: a mixing - hia small enough to - petiinit satisfactory 
operation at small throttle opening, and: an ‘air valve which will let 
in just enough air to give a satisfactory mixture with the throttle 
wide open, many of the older types of carburetors were unable to 
give anywhere near the maximum power or speed of the motor. 
The problem of the designer was to get more power without sacri- 
ficing the efficiency of the motor at varying speeds. Many additions 
to the mechanical devices have been resorted to in attempts to im- 
prove the carburetor. Some of these which have found wide ap- 


plication, especially on aero motors, will be explained in the following 
paragraphs: 


ZBENITH CARBURETION SYSTEM 













KEY TO PARTS 
A-PRIMING HOLE 
B-PRIMING TUBE 
C-REGULATING SCREW 
D-SECONDARY WELL 
E- BUTTERFLY 
F- COMPENSATOR 





ZENITH CONSTANT FLOW DEVICE : is 
ZENITH COMPOUTD NOZZL 


Trig. 1.—The Zenith carburetor. 
THE ZENITH CARBURETOR. 


A carburetor which has found extensive use abroad and of some 
prominence in this country, especially in the aero engine field, is the 
22 
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Zenith. The Zenith belongs to the compound nozzle inductor:type of 
‘carburetor.’ The following diagram illustrates the pee of-€ com- 
en ‘which underlies the action: of ‘this canburelor” : 


“ACTION, OF ZENITH CARBURETOR. 


Siders eel Se ye 
“” 


~ Gasoline is ma Lintained at an established depth i in ‘the float chambér 
by a conventional float mechanism. “Nozzle P is ‘directly eonnected 
with float and is of stich’ size ‘that itis “capable of: supplying | prac- 
tically all the gasoline needed when the ‘throttle is ‘wide’ open.” a 
well, D, épenled at the top to the airx at ASS “supplied. with’ “the 

Seoline from the float chamber through a hole at F, and is filled 
or the same depth as the float-chamber: when the engine is not 
running. From this well is a passage which communicates with 
tube G surrounding the main fuel nozzle I. This is known as the 
¢ cap jet. Whenever the suction in a mixing chamber is ‘great enough, : 
cis draws gasoline from both main nozzle and outer nozzle. ~The 


Scat ae OIC 


‘This is to 5 be just the: amount eh whith the main nozzle falls sHort, 
due to the failure of the flow of gasoline to be exactly ‘*eoportional 
to the flow of air, and is referred to as the amount necessary for 
compensation. _ The passageway I is known as the compensator, and 
different sizes'can be™ ‘substituted. ‘Since the mixing chamber, or 
Venturi tube, must be large enough to supply sufficient air for the 
maximum demands of the motor at- high speeds and wide “open 
throttle, the suction will be so small ‘with the throttle nearly closed 
that gasoline will not be lifted from the nozzle. To supply gasoline 
when ‘thé throttle is nearly closed, a tube or drilled passageway Ais 
provided, one end of which opens under the edge of the throttle when 
closed, and the other extends to the bottom of the well D. The 
amount of gasoline which it can take can be adjusted by means of 
the needle Sane and is limited by the amount which will run into 
the well D through the hole F. When the throttle is nearly closed, 
the suction under the edge of the throttle disk is so great that gaso- 
line is drawn through the tube T. As soon as the thr ottle is opened 
wider and the suction in the mixing chamber is higher than under 
the edge of the throttle, gasoline is drawn from the outer nozzle G. 
As the suction in the mixing chamber increases, and the gasoline is 
drawn out of the well as fast as it can run in, air is drawn through 
it, and serves to assist in breaking it up into a finer spray. The above 
jean shows a section through the carburetor which embodies the 
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| features explained. The lettering corresponds as far as possible 
| to that in the discussion of the diagrams. The essential difference 
| hes in the construction of the deviee for feeding gasoline under the 
edge of the throttle for low speed. Air enters around low-speed 
adjusting: needle G, passes down the space between the inner wall 
and the:tube A,.and:picks.up.a.spray of gasoline which comes from 
the outer well D through the hole F. This mixture of air and 
spray 1s drawn up through the tube and the drill passage B, and 
enters the mixing chamber under the edge of the throttle. The 
| quality of the mixture for low speed can be adjusted by means of 
screw N until the motor idles properly. 


ADVANTAGES OF ZENITH. 


This type of carburetor has the advantage of maintaining the cor- 
rect proportion of fuel and air automatically, and still be free from 
| any multiplicity of moving parts. Once properly installed it offers 
 . very ttle-opportunity for being tampered: with. - The Zenith‘type of 

carburetor has found extensive use in connection with aero motors, 
because of the fact that it is antomatic in its action, and fool-proof 
in its simplicity. 


PRECAUTIONS IN ADJUSTING ZENITH. 


Lhe following precautions should be taken in assembling, disas- 
sembling, and adjusting a Zenith carburetor. There are no manual 
adjustments on the Zenith, that is, no adjustments that can be made 
without disassembling or changing of parts. This is very essen- 
tial in connection with airplane motors as it prevents unnecessary 
tampering with the carburetor. The only method or means of alter- 
ing the adjustments on the Zenith is by the variables or parts that 
control the proportions of air and fuel. These are principally the 
main jet, compensator or compensating jet, and the Venturi tube 
(which is very seldom changed). 


THE MAIN JET. 


Changing the main jet alters the amount. of fuel delivered to the 
mixing chamber at maximum speed. The larger the jet, the richer 
the mixture will be at high speed, and vice versa. 


THE COMPENSATOR JET. 


Changing the compensator or compensating jet alters the amount 
of fuel delivered to the mixing chamber through the cap jet, and 
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also to the idling device. The fuel flowing through the compensator 
is not affected by suction, therefore is constant at all speeds. The 
cap jet, being connected with the open well, will draw in air as soon 
as the suction has become great enough to drain the well. This causes 
the mixture flowing from the cap jet to become leaner and leaner as 
the speed of the motor increases, and compensates for the. increased 
flow of fuel from the main jet. 


THE VENTURI TUBE. 


The Venturi tube should never be changed unless it 1s found that 
the volume of air flowing into the cylinders is not great enough. 


THE IDLING DEVICE. 


The idling device is only in operation when the metor is idling 
or running slow and is adjusted by means of a small thumbscrew 
which determines the amount of air admitted to the idling tube, 
thereby determining the mixture for idling. 


ASSEMBLY AND DISASSEMBLY OF ZEN {TH. 


In assembling or disassembling the Zenith, care should be taken 
to clean all sediment and foreign material that might be collected in 
the bottom of the float chamber or of the plugs. Care should also be 
taken in removing jets not to widen the apertures by using a cutting 
tool. In reassembling, care should be taken to replace the fiber 
washers on the jets and plugs so that there can be no leaks. Care 
should be taken to see that these washers are of the proper thickness, 
as this alters the relation of the height of the jets to that of the 
Venturi tube, thereby affecting the amount of fuel drawn from 
. the jets. 

ZENITH DUPLEX CARBURETOR, MODEL U. 8. 52. 


Two Zenith duplex carburetors are used on a 12-cylinder Liberty 
motor. This is equivalent to four single carburetors, each one sup- 
plying three cylinders of the engine. Each duplex carburetor con- 
sists of a single float chamber and a single air inlet joined to two 
separate and distinct spray nozzles, Venturi, and idling devices. 
Each of the two barrels of each carburetor is fitted with a throttle 
valve of the butterfly type, the shafts of the throttle being parallel 
to the center of the engine, and are interconnected by means of two 
gear sectors pinned to the throttle shafts and meshed together. The 
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two pairs of throttles are opened simultaneously by a shaft, provided. 
with an adjustment at each end by means of which the pairs may 
be synchronized. As the V type motor is in a sense two separate 
motors Joined. together for greater unity, so the Zenith duplex car- 
buretor is built in double form for the purpose of supplying each 
one of these two motors with its exact requirements. Each duplex 
carburetor is fitted with an altitude adjustment which affects both 
barrels equally. The following is a diagram of the Zenith car- 
buretor used on a Liberty motor: 


OPERATION OF ZENITH, MODEL U. S. 52. 


The operation of this carburetor is as follows: Gasoline from the 
tank enters the float chamber through the gasoline inlet D and the 
needle valve seat S, lifting the float F. As soon as the gasoline 
reaches a predetermined height in the float chamber, the metal float 
F acting through the levers B and the collar G*, closes the needle 
valve G* on its seat S. From the float chamber to the engine, gaso- 
line flows through three different channels in varlous quantities and 
proportions, according to the size of the nozzle, speed of the motor, 
and the degree of throttle opening. At low speed when the throttle 
valve Tis nearly closed, there is little or no suction in the Venturi 
X, but as there is considerable suction at the edge of the throttle T, 
gasoline is drawn through the idling device instead of through the 
jets. This device consists of the idling tube M within the secondary 
well T inserted in the main well J at the bottom of which the com- 
pensator I is located, and which is open to the atmosphere through 
the holes A. 

Gasoline from the compensator I flows through the calibrated hole 
in the bottom of the secondary well P, which is open to the air 
through the holes Y, thence through the passage R to an opening 
opposite the throttle valve. As the throttle is opened up, the suction 
at the edge of the throttle valve decreases because the edge of the 
valve is moved farther away {from the opening or fuel outlet, but 


with the increased speed of the motor, the suction in the Venturi 


tube is increased. This causes the idling device to become inopera- 
tive. Then most of the gasoline flows through the channel E and 
main jet G. Some flows through the compensator I, which is located 
at the bottom of the well J, open to the atmosphere through holes A. — 
Then through the channel K to the cap jet H which surrounds the 
main jet. The main jet and cap jet operate together and furnish 
the proper mixture at all motor speeds above idling. 
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FIG.2.—ZENITH DUPLEX CARBURETOR, MODEL US5e. 
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ALTITUDE ADJUSTMENT. - 


‘This device is incorporated in this type of carburetor for the pur- 


pose of adjusting the gasoline supply to the changed conditions met. 


with in higher altitudes. A carburetor adjusted to deliver a properly 
proportioned mixture at sea level will supply an increasingly rich 
one as the machine mounts to higher altitudes, due to differences in 
temperature, density, and quantity of oxygen in the air. 


OPERATION OF ALTITUDE ADJUSTMENT. 


The altitude adjustment operates as follows: The float chamber . 
is open to the air through two screened inlets opening into the main — 


air intake. The primary well has an open communication at its top 
with the float chamber. A passageway is provided from the float 
chamber to the mixing chamber below the throttle valve. This pas- 
‘sageway is fitted with a stop cock which is manually operated from 


the pilot’s seat. Under normal conditions, that is, on the ground, 


this stop cock should be closed. Then the gasoline in the float cham- 


ber. will be subjected to atmospheric pressure through the screened 
air inlets. When the engine is running the partial vacuum produced 


in the Venturi tube and mixing chamber will draw gasoline out of 


the nozzle G and H in proper proportions. At an altitude of about 
13,000 feet, the pilot will begin to open the stop cock, thus drawing: 


air from the float chamber and establishing therein a partial vacuum, 
which depends upon the degree of opening of the stop cock. This 
partial vacuum will retard the flow of gasoline through the jets 
and the mixture will be made more lean. This altitude adjustment 


should be opened as far as possible consistent with obtaining the 


greatest number of revolutions per minute of the engine. 
ADJUSTMENTS. 


The size of the three variables, choke tube, main and compensator 
jets, has been carefully determined by the engine builders and 
should not be changed except under extreme conditions. The num- 
bers stamped on each of these parts indicate the size. The chokes 
are numbered according to the smallest inside diameter in milli- 
meters. The jets and compensators are numbered according to the 
diameter of the opening in hundredths of a millimeter. The float 
valve mechanism is so arranged that the gasoline level will be main- 
tained at a point one-eighth of an inch below the top of the main 
and cap jets. It is not likely that this mechanism will become de- 


shell th ho a 


wo ee en grt ee 


——S—————_$—<———— rer 








28 AIRPLANE ENGINE CARBURETORS. 


ranged, but if it should, the level can be readjusted by moving the 
collar toward the point of the float needle to raise the level, or away 
from the point to lower it. This collar is pressed on the needle 
valve stem and soldered. | 


INSPECTION AND CARE. 


Practically the only troubles which will be experienced with this 
carburetor are the possible stoppage of the jets with dirt or water. 
Mechanical troubles may develop due to natural wear and vibration. 
Draining the gasoline strainer after every long flight will largely 
obviate the collection of dirt or water. The plugs under the jets and 
float valve should be removed occasionally and any water or sediment 
which may have collected there should be wiped off. Taking out the 
plugs beneath the compensator and jet will permit removal of the 
same. These may be cleaned by blowing through them. In replae- 
ing them, care should be taken that the fiber gaskets against which 
they seat are in place and the jets are drawn up tightly. To remove 
the Venturi or choke tube, take out the four screws, holding together 
the upper and lower parts of the carburetor. This wil permit them 
to be removed.and will give access to the idling well and the screened 
air inlets. The calibrated hole in bottom of the idling well should. 
be examined and the screened inlets should be cleaned. The proper 
operation of the whole carburetor depends upon the screens being 
clean. Examine the throttles to see that they both operate properly, 
and close to the same degree. Examine the float and float valve 
mechanism. A leaking float will permit gasoline to reach too high 
a level in the chamber and jets. Replace a defective float rather 
than attempt repair. Extreme care should be exercised in re- 
assembling a carburetor that all joints are tight, all bolts are screwed, 
provided with cotter pins, and all lock-wire holes are properly 
secured. | 


THE STROMBERG CARBURETORS FOR AIRPLANE MOTORS. 


The Stromberg carburetor for airplane motors embodies a novel 
construction. This carburetor belongs to the automatic inductor 
type. of carburetor. : 


OPERATION OF STROMBERG. 
in this carburetor the fuel ig metered and discharged by suction, 
generated from and depending upon the rate of air delivery through 
the Venturi tubes to the carburetor. The fuel delivery is made to 
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respond in proper proportion to this suction by the induction of air 
into the jet. This keeps the mixture constant throughout the throttle 
range. The compound Venturi tube construction also develops a 
powerful suction at the point of fuel discharge, and in conjunction 
with the air injection gives complete atomization of fuel. For each 
carburetor unit, there is a separate nozzle J’ through which the 
whole gasoline supply for that unit is taken. These nozzles are 
located horizontally so that they may be changed without removing 
the carburetor from the engine. A similar nozzle K several sizes 
larger may be used in the accelerating well to assist atomization, but 
this is sufficiently large to require no change. During idling and low 
throttle running, the gasoline after passing through the metering 
nozzle is carried up into the idling tube A, and after dilution with 
a small quantity of air, it is discharged through a slot Z at the edge 
of the throttle V as shown in the illustration. The amount of air 
dilution governs the mixture proportion at these speeds and 1s con- 
trolled by the idling adjustment needle Y. Below, and concentric 
with a main discharge nozzle is an accelerating well chamber S’ with 
a small air vent at the top which leads to the main gasoline channel 
at its bottom. This well chamber acts asa reserve supply of fuel for 
acceleration, its contents being delivered as the throttle 1s opened, 
and replenished from the main jet flow when the throttle is closed, 
the mixture thus becomes temporarily slightly richer than normal as 
the throttle is opened, and temporarily thinner than normal as the 
throttle is closed. This action is found necessary for the flexible 
operation with low-grade American gasoline. 


ACTION OF CARBURETOR DURING MANEUVERS. 


The float mechanism is positive in its action, and hung in such a 
way as will operate at angles between 45° climb and a straight dive, 
also under a considerable sidewise inclination. The float needle 
valve is pointed upward so that any dirt will wash down away from 
the valve seat, and is held to its pin by a self-contained spring 
plunger to obviate wear under the vibration of the engine. The 
needle valve point is an especially hard, noncorroding alloy and 
eround true. The needle valve seat is of softer material, so as to 
follow the shape of the harder needle point. The operation of 
the float mechanism during different aerial maneuvers depends not 
only upon gravity but upon the motion of the airplane. Assuming 
that the carburetor is mounted with the air entrance to the front 
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of the plane, the carburetor float will function normally when 
the pilot is resting on his seat, leaning hard against the back or sides 
of his seat, or tending to slide forward. When driving at a steep 
angle, if the throttle is closed all the way to idling position, some 
fuel will drain out of the main discharge jets in the air entrance 
of the carburetor. This will drain away through the drain tube N 
when the plane straightens out, but the accumulation will be avoided 
altogether if the throttle is kept a little farther open so that there 
is enough draft in the Venturi to carry this fuel up from the jet 
into the engine. If the position or motion of the plane is such that 
the pilot tends to fall away from his seat, the same forces will cause 
the float to go up. This closes the float needle valve. At the same 
time, the fuel will go to the top of the float chamber and cease to 
flow from the discharge jets. It will not leak from the vents in 
the top of the float chamber, however, if the throttle is kept a little 
open. | 

ADJUSTMENTS OF THE STROMBERG CARBURETOR. 


The mixture proportion delivered by this carburetor is subject to 
little variation in passing from sea level to approximately 3,000 
feet altitude. In the rich position, the mixture is shghtly richer than 
necessary. ‘This can be corrected for more than 20,000 feet altitude 
by moving the altitude control lever to the lean position. The con- - 
trol should always be placed in the leanest position that will give 
the maximum revolutions per minute of the engine, thus giving 
the maximum power. This control of the mixture is obtained by 
the rotation of the sleeve in the pilot’s control which opens to a 
greater or lesser extent, or closes off entirely, the communication 
between the float chamber space and the holes drilled in the upper 
part of the large Venturi tube: The float chamber has also a small 
atmospheric vent hole communicating through a gauze strainer 
with the interior of the air entrance of the carburetor. When the 
connection to the Venturi tubes is full, a considerable suction is 
communicated to the float chamber. This suction opposes the suction 
at the main discharge nozzle, thereby reducing the flow through the 
metering nozzle. This compensates for the lower atmospheric pres- 
sure at high altitudes, and for the drop in the oxygen content of the 
air. When the passages between the Venturi and float chamber 
shut off entirely, atmospheric pressure exists in the float chamber 
and the maximum portion of gasoline is delivered to the mixing . 
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chamber. With the Venturi suction channel partly opened, the gaso-_ 


line flow is correspondingly reduced. Since a-strong suction exists 
in the float chamber when the control is in the lean position, care 
should be taken that the joint between the upper and lower halves 
of the carburetor is kept tight, otherwise the altitude adjustment 
becomes useless. The idling adjustment needle effects the low speed 
only, and has practically no effect on the high speed action. An 
average adjustment is obtained when the idling adjustment screw 
is about three quarters of a complete turn from the seating posi- 
tion. 
PRECAUTION IN ASSEMBLY AND CARE. 


Most carburetor troubles arise from the presence of small particles 
of dust and other foreign material. The best preventive is to keep 


the strainer and strainer chamber clean. After 10 hours running and 


before every important flight the strainer should be cleaned and the 
strainer chamber drained. 


FLOODING AND LEAKING. 


If leaking or flooding occurs, a careful inspection should be made to 
see whether the leakage is due to some plug beneath the gasoline 
level being loose on its gasket, or whether the float valve is insecurely 
seated, allowing the level to rise so that the gasoline overflows the 
main discharge jets. In the latter case, the strainer chamber should 
be inspected and drained to remove any dirt, and carburetor flushed 
to wash out any particles on the needle valve seat. If flooding per- 
sists, it will be necessary to remove the carburetor from the engine 
and substitute a new needle valve or seat, or both, as required. See 
that the float is not punctured and does not contain any gasoline. 


CARE OF CARBURETOR HALVES. 


When the carburetor halves are separated, care should be taken that 
the joint surfaces are not nicked or marred, and when assembled, a 
dry paper or composition gasket of even thickness should be used. 


REMOVAL OF VENTURI TUBES. 


To remove the Venturi tubes, separate the halves of the body care- 
fully so as not to bend the two idling tubes, remove the set screws 
and take out the Venturi. In changing the Venturis, the throttles 
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should not be disturbed, as it might be difficult to replace them 
properly. The Venturis are numbered accordingly to the smallest in- 
side diameter in inches. 


REMOVAL OF METERING NOZZLES, 


The metering nozzles are readily accessible from the rear of the 
engine after the gasoline channel plug has been removed. It is 
advisable to use a screw driver which is a close fit in the slot to avoid _ 
marring the nozzle as a nick might effect the fuel discharge. In 
placing them, be sure that the gasoline channel plugs are replaced 
tight on the gaskets, so that there is no leak. 
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